failure, renal insufficiency, and peripheral vascular disease (Kannel, 1975; MacMahon, 1990; Whelton, 1989) . This risk has been noted in both sexes and throughout the entire adult age range. For many years, interest focused on the risk associated with high diastolic blood pressure. Increasingly, however, the importance of elevations in systolic blood pressure also has been recognized and emphasized.
To date, risk reduction efforts have almost uniformly revolved around the paradigm of hypertension detection and treatment. This report reviews the rationale for a complementary approach aimed at primary prevention of hypertension. The efficacy and feasibility of various interventions proposed as modalities for prevention of hypertension are discussed. In addition, interventions by occupational health nurses are suggested.
The American Association of Occupational Health Nurses (AAOHN) is one of 36 professional member organizations and seven federal agencies that comprises the National High Blood Pressure Education Coordinating Committee. This committee supports public education as a cornerstone of the successful national campaign to detect, evaluate, and treat high blood pressure. Occupational health nurses are in a unique position to initiate and support primary prevention activities relating to hypertension. The reader is referred to "The Working Group Report on Primary Prevention of Hypertension" for more detailed information about research studies and an action plan for supporting primary prevention of hypertension (National High Blood Pressure Education Program Working Group, 1993b) .
STRATEGIES FOR PREVENTION OF HYPERTENSION
Primary prevention of hypertension can be accomplished through two complementary disease prevention approaches. The first approach, a population strategy, includes implementation of a blood pressure lowering intervention applied to the general population. A small decrement in blood pressure has the potential to produce substantial reduction in hypertension prevalence as well as . a large decrease in cardiovascular risk . It has been estimated that a 2 mm Hg shift downward in the entire distribution of systolic blood pressure might reduce the annual mortality from stroke , coronary heart disease , and all causes by 6%, 4% , and 3% respectively (Stamler; 1991b) . The corresponding benefits for a 3 mm Hg shift in systolic blood pressure have been estimated to be 8%, 5%, and 4%, respectively. The second approach is a targeted strategy where a special attempt is made to lower blood pressure among those who are most likely to develop hypertension. This includes persons with blood pressure in the high normal range, those with a family history of hypertension, members of minority populations, and those who are overweight, consume excessive amounts of sodium, are physically inactive, or have a high intake of alcohol. For example, the risk of developing hypertension during 26 years of follow up in the Framingham Heart Study was approximately twofold higher for men (RR = 2.25; 95% C.1. = 1.8, 2.8) and women (R.R = 1.89; 95% C.1.= 1.5, 2.3) with an initial diastolic blood pressure in the 85-89 mm Hg range compared to their counterparts with <85 mm Hg (Leitschuk, 1991) .
The group suitable for a targeted intervention represents a very large number of people. For instance, national survey results suggest that almost 13% or 30 million adults in the United States have a diastolic blood pressure between 85 and 89 mm Hg and/or a systolic blood pressure between 135 and 140 mm Hg (Gordon, 1964) . The goal of a targeted strategy is more ambitious and the intervention program is more intensive than a mass strategy. A targeted strategy for those in the high normal blood pressure range might aim to achieve a normalization of blood pressure for all such persons. Experience in clinical trials indicates that a targeted intervention that lowers diastolic blood pressure by as little as one to three mm Hg may reduce the incidence of hypertension by as much as 20% to 50% (Hypertension Prevention Trial Research Group, 1990; Stamler; 1989; Trials of Hypertension Prevention Collaborative Research Group, 1992) .
A growing body of evidence supports the feasibility and value of both the population and targeted intervention strategies as methods to lower blood pressure and prevent hypertension. It is important to stress that the two approaches are complimentary and provide mutual reinforcement (Rose, 1985) . Furthermore, many of the interventions that work in the population strategy are also effective in the targeted strategy.
EFFICACY OF INTERVENTIONS TO PREVENT HYPERTENSION ·
At least 11 interventions could be considered for use as population and targeted strategies for the prevention of hypertension. Weight loss, reduced sodium intake, reduced alcohol consumption, and exercise have documented efficacy as interventions to decrease hypertension. Other interventions with limited or unproven efficacy include JUNE 1995, VOL. 43, NO.6 Group, 1993a) stress management, potassium supplementation, fish oil supplementation, calcium supplementation, magnesium supplementation, macronutrient alteration , and fiber supplementation. The interventions with documented efficacy are discussed further.
Weight Control
The evidence for a direct relationship between weight and blood pressure as well as overweight and hypertension is strong and consistent (Berenson, 1980; Chiang, 1969; Intersalt Cooperative Research Group, 1988; Kannel, 1978; Labarthe, 1991; Lauer; 1976; MacMahon, 1987b ; National Institutes of Health Consensus Development Panel on the Health Implications of Obesity, 1985; Stamler; 1991b; Van ltallie, 1985; Voors, 1977) . Overweight is highly prevalent in the United States and is especially common among minorities such as African Americans and Hispanics. Weight loss provides one effective method of lowering blood pressure. The degree of blood pressure reduction is related to the extent of weight loss, but even modest decrements in weight can produce a favorable impact on the blood pressure profile.
Long term maintenance of weight loss is important to maintain the beneficial effect of weight loss on blood pressure. Given the high prevalence of overweight in society, the proven efficacy and safety of weight loss interventions in lowering blood pressure, and the potential for other weight reduction related health benefits, weight loss interventions represent some of the best approaches to prevention of hypertension.
Reduced Sodium Intake
Most societies consume a diet that contains between 100 and 200 mmol of sodium per day, an amount that corresponds to approximately 6 to 12 grams of salt or 2.5 to 5 grams of sodium (lntersalt Cooperative Research Group, 1988) . This is far in excess of the physiologic need for salt and appears to be substantially more salt than that eaten by earlier societies (Denton, 1982; Oliver; . It is also much greater than the typical consumption of sodium in more isolated societies (Cruickshank, 1985; Intersalt Cooperative Research Group, 1988) .
A large body of evidence from observational studies documents the presence of a relationship between various measures of sodium intake and blood pressure. Dahl (1972) reported a strong positive relationship between sodium intake and blood pressure in an ecologic study of five geographically diverse populations. Subsequently, a number of larger and more rigorously conducted interpopulation studies have confirmed this pattern (Froment, 1979; Gleibermann, 1973; Intersalt Cooperative Research Group, 1988; Law, 1991a) . In a recent ecologic analysis of 24 communities, with data from 47,000 individuals, a difference in sodium intake of 100 mmoVday was associated with differences in systolic blood pressure that ranged from 5 mm Hg at ages 15 to 19 years to 10 mm Hg at ages 60 to 69 years (Law, 1991a) . The difference was larger for those with a higher blood pressure level.
Intrapopulation studies of the relationship between sodium intake and blood pressure have been hampered by a number of methodologic challenges. These include measurement difficulties due to variations in day to day consumption of sodium, the presence of a wide range of blood pressure values at any level of sodium intake, and a more restricted range of sodium consumption than is the case for interpopulation studies (Elliott, 1991; Fregly, 1982; Frost, 1991; Liu, 1979; Luft, 1986; Watt, 1982) . Given these constraints, it has been estimated that a sample size of several thousand study participants would be needed to provide sufficient statistical power to document a relationship between sodium intake and blood pressure (Elliott, 1991; Frost, 1991; Luft, 1986; Watt, 1982) .
A significant positive relationship has been noted in studies designed to overcome the previously mentioned methodologic difficulties (Frost, 1991; Intersalt Cooperative Research Group, 1988) . Indeed, within population analyses that account for the problem of regression dilution bias have provided similar estimates to interpopulation studies (Frost, 1991) . The apparent importance of sodium intake was further exemplified in a series of stratified analyses in Intersalt (Stamler; 1991a) . In this carefully standardized investigation of 10,079 men and women studied at 52 centers in 32 countries, the average prevalence of hypertension was 1.7% for centers with both a low average body mass index and a low average intake of 308 sodium. In contrast, the prevalence was 11.9% for centers with a low average body mass index but a high intake of sodium. The corresponding prevalence estimates for centers with a low alcohol and low sodium intake and a low alcohol but high sodium intake were 1.7% and 13.4%, respectively.
More than 70 published studies have reported on the effect of reduced sodium intake on blood pressure (Law, 1991 b) . These have included crossover and parallel group comparisons in both normotensive and hypertensive trial participants. Studies in which sodium reduction was included as part of a multifactorial intervention have also provided evidence that is consistent with a beneficial effect of a reduction in sodium intake on blood pressure (Hypertension Prevention Trial Research Group, 1990; Stamler; , 1989 Treatment of Mild Hypertension Research Group, 1991) .
Observational and experimental studies provide compelling evidence of the value of reducing sodium intake in the primary prevention of hypertension. Some segments of the population, such as African Americans and the elderly, may experience a greater reduction in blood pressure than others following a reduction in salt intake. Given the ubiquitous nature of sodium in processed foods, the potential for a reduction in sodium intake far exceeds that which has been achieved in intervention studies and is easily achievable in contemporary society. Thus, changes in food manufacturing, as well as public education initiatives, provide a basis for achieving much more substantial reductions in sodium consumption. Given such changes, a societal goal of sodium chloride intake for the general population of no more than 6 grams per day is reasonable and achievable.
Physical Activity
Increased physical activity, either alone or as part of a weight loss program, has frequently been proposed as a means to lower blood pressure. The mechanism for an exercise induced reduction of blood pressure is uncertain but may be related to a decrease in cardiac output or peripheral vascular resistance. Some studies have suggested that changes in serum norepinephrine levels may play an important intermediary role. The relationship between habitual physical activity (or exercise capacity) and blood pressure (or the prevention of hypertension) has been evaluated in numerous observational studies. Most of the early investigations classified study participants according to their level of physical activity during work (Berkson, 1960; Humerfelt, 1957; Karvonen, 1961; Miall, 1958; Rose, 1969; Taylor; 1967) . In approximately half of these work based studies, an inverse association was noted between activity classification and systolic blood pressure or diastolic blood pressure (Karvonen, 1961; Miall, 1958; Morris, 1960; Taylor, 1967) .
More recent studies have dealt primarily with leisure time activity or exercise capacity (Ainsworth, 1991; Blair; Caspersen, 1991; Cederholm, 1986; Multiple Risk Factor Intervention Trial Research Group, 1986; Folsom, 1985; Gillum, 1981; Hagberg, 1989; Holme, 1981; Lie, 1985; Montoye, 1972; Paffenbarger, 1983 Paffenbarger, , 1991 Reaven, 1991; Tuomilehto, 1987) . These studies have generally identified a significant inverse association between activity classification and blood pressure. In adult studies, this inverse association has been observed in both sexes and at all ages, and has been independent of overweight (Caspersen, 1991; Cederholm, 1986; Folsom, 1985; Gillum, 1981; Reaven, 1991; Taylor, 1967; Tumilehto, 1987) . The prevalence of hypertension also tends to be lower in more physically active or physically fit adults than in age matched counterparts who are less active. Again, inverse associations have been reported for both sexes, for whites and for African Americans, and for younger and older adults (Ainsworth, 1991; Cederholm, 1986; Miall, 1958; Reaven, 1991; Tuomilehto, 1987) .
A number of biologic mechanisms have been proposed as explanations for the blood pressure lowering effect of physical activity. Adjustment for overweight diminishes the relationship, indicating that exercise is probably acting, in part, through an effect on body composition. Exercise may lower blood pressure through a variety of other mechanisms, however, including effects on the sympathetic nervous system, insulin sensitivity, electrolyte imbalance, neural and baroreflex mechanisms, and vascular structure (Hagberg, 1987 (Hagberg, , 1989 Panico, 1987) .
Evidence from both observational and experimental studies supports the value of increased physical activity of low to moderate intensity as an intervention for the primary prevention of hypertension. The data are imperfect. In the aggregate, however, evidence of a beneficial effect of exercise on blood pressure independent of baseline body weight or blood pressure is provided. Given the high prevalence of a sedentary life style among United States residents, performance of moderate intensity, low resistance, dynamic exercise, such as walking, cycling, dancing, and gardening could play a valuable adjunctive role to other interventions in the prevention of hypertension.
Reduced Alcohol Consumption
Numerous investigators have explored the relationship between alcohol consumption and high blood pressure. Potential mechanisms for the relationship include a direct pressure effect of alcohol on the vessel wall, a sensitization of resistance vessels to pressure substances, stimulation of the sympathetic nervous system, and increased production of adrenocorticoid hormones (MacMahon, 1987a) .
The relationship between alcohol intake and blood pressure or prevalence of hypertension has been addressed in observational studies varying in size from less than 100 to over 80,000 participants (MacMahon, 1987a) . Almost all of the more than 30 cross sectional studies have identified a positive association between alcohol intake and level of blood pressure. This relationship has persisted even after controlling for potentially confounding factors such as body mass index, cigarette smoking, and age (Criqui, JUNE 1995 , VOL. 43, NO.6 1982 . From cross sectional studies it has been estimated that as much as 5% to 7% of the overall prevalence of hypertension can be attributed to an alcohol intake of three or more drinks per day (Friedman, 1982; MacMahon, 1984) . The estimate for men alone is as high as 11%. Prospective studies provide consistent evidence of a strong positive relationship between baseline alcohol intake and blood pressure. In addition, a change in alcohol intake has been associated with a subsequent change in blood pressure (Gordon: 1983 (Gordon: , 1986 Kromhout, 1985) .
The evidence from observational and experimental studies suggests that a reduction in alcohol intake is effective in lowering blood pressure in persons with normal blood pressure and persons with hypertension and may help prevent hypertension (Potter, 1984; Puddey, 1985 Puddey, , 1987 Stamler, R. 1987 Stamler, R. , 1989 . Given this evidence, it is appropriate to include a reduced intake of alcohol as a component of an overall strategy to prevent hypertension. At a minimum, habitual alcohol intake should not exceed two drinks per day.
INTERVENTIONS BY OCCUPATIONAL HEALTH NURSES
The feasibility of achieving changes in the pattern of health related behaviors is underscored by recent reductions in the prevalence of cigarette smoking and increases in the consumption of foods lower in total and saturated fat, cholesterol, and sodium content (Fiore, 1989; Stephen, 1990) . A number of intervention programs conducted both in community based settings and in health care provider practice based settings have also furnished evidence that behavioral changes and relevant reductions in blood pressure are feasible. In both settings, the ability to achieve the intervention goals has been constrained by a number of societal barriers, including a lack of satisfactory food substitutes. Therefore, the results achieved in such trials may substantially underestimate the potential impact of intervention programs when conducted in the setting of a broad based national effort.
Occupational health nurses are in unique positions to both initiate and support intervention programs. Interventions could be conducted by individual occupational health nurses as well as sponsored by corporate employers or local occupational health nursing constituent associations. Interventions with a focus on healthy eating including weight control, healthful physical activity, reduced sodium intake, and reduced alcohol consumption are most relevant based upon the efficacy studies briefly summarized in this paper.
Activities could be made available to the work force and/or the community at large. Education Program; National Heart, Lung, and Blood Institute Information Center; P.D. Box 30105; Bethesda, MD 20824-0105 . Much ofthe information in this article is from "The Working Group Report on Primary Prevention of Hypertension." A complete copy of this report is Weight loss, reduced sodium intake, reduced alcohol consumption, and exercise have documented efficacy as interventions to decrease high blood pressure. A number of intervention programs in community based settings and in health care provider practice based settings have documented that behavioral change and relevant reductions in blood pressure are feasible.
Primary Prevention of Hypertension
About one in four adults in the United States has high blood pressure on the basis of a single evaluation. Hypertension is associated with an increased risk of developing coronary heart disease, stroke, congestive heart failure, renal insufficiency, and peripheral vascular disease.
